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Determinntion of Fluorine in Fluoro-Orgunic Compounds in
Low Concentrations in Air .

John H. Yoe (Officiul Investigator),
Jason N. Salsbury and James W. Cole

ABSTRACT

An apparatus for the preparation of mixtures of fluoro—organic compounds.
and air, and a method for the determination of fluorine in such compounds are
described. The analysis involves (1) removing the fluoro-organic compounds by
scrubbing the air mixture with l-hexcnol, (2) decomposing the fluoro-organic com~
pound by refluxing with sodium, (3) extracting with water the sodium fluoride thus
formed and (4) titrating the {luoride ion with thorium nitrate solution, using
Solochrome Brillicnt Blue BS as indicator. This method has been tested in the
concentration range of 0.002 to 2 mg. of fluoride which is equivalent to 0.01 to
8 mg. of fluoro-organic compound per liter of air.

_ Three fluoro-organic compounds were analysed. With methyl fluorocacetate
in the range 0.01 to 8 mg. per liter, o recovery of about 907 was obtcined. About
904 of 2-fluoroethanol was recovered from air mixtures when the concentration was

0.02 to 3 mg. per liter; when the concentration was 0.0l to 0.03 mg. per liter,

the recovery was only about 755. The recovery of di-isopropylfluorophosphate is

727 at & concentration of 0.02 ~ 0.04 mg. per liter, 84% at 0,07 - 0.15 mg. per
liter, and 68% at.l -~ 2 mg. per liter. By using two scrubbers in series, 90%

of di-isopropyl fluoropliosphate was recovered at a concentration of 1 to 2'mg. pe:
liter.
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Determination of Fluorine in Fluoro-Organic Compounds in
Low Concentrations in Air

INTRODUCTION

A survey of the literature reveals that three procedures have been devel-
oped for the analysis of mixtures of fluoro-organic compounde in air: (1)  °
pyrolysis of the gas in o methyl alcohol flame® or by passage over a heated

platinun wireag (2) oxidation by a solution of zrmonium sulfate in sulfuric acid

or chromic acid and detection of HF by etching of the glass conto.inera; (8) scrudb-
bing the gzs with ammonia and decomposing the fluoro-orgunic compound‘"’. Usually
the inorganic fluoride was detected or estimated by stondard methods.

In this report o procedure is described for the deternination of fluworine
in methyl fluoroacetate, 2-fluoroethanol nnd di—isopropyli‘iuoro;ﬂaoaphate at low
concentration in air. The compounds are scrubbed out of the cir mixture by pass-
ing the laotter thiough a CWS scrubher containing l-bexzmol. The 1-hexanol solu-
tion is thon rofluxed with sodium to decompoce the fluoro-organic compound°, and
" the sodium fluoride is extracted with weter. Alquots are t;l.trated with thorium
nitrate solutlon, using Solochrome Brilliant Blue BS? as indicator.

PROCEDURE

Preparation of the Gos Mixture. To obtcin gas mixtures of low concentra~
tion, o known smount of the fluoro-organic éompound must be volatilizoed in a
- definite volumc of air.. This may be accomplished by pessing air over the coinpound
and diluting the vapor tc a knowm volume with air. The cmount of substance vapbr—
ized 15 dotermincd by the loss in welght of the veporizer. The total volume of
gas is calculated by multiplying the rate of {low of zir by the total time. The

concentration oi the Iluore-orgunic compound in the eir is then cclculated by




dividing the weight of compound volatiliszed by the total volume of air.
1. :Appuratua. The cpparatus is shown schenatiénlly in Figure 1.

Conpressed air is dried in tower A by anhydrous cclciun chloride. The rate of
flow throﬁéh the system is adjusted at pressure releases B or C. When pressure
release C is used, the rate of air tflow is reyulated by thé height of the water
colurm. If more pressure is-‘required than can be obtained with C (3 ft. of water)
part of the water may be replaced by mcrcury; or pressufé releese B (ordinary two :
way stopcock) may be used. Pressura :releamse C incures o constant rate of flow,
but when B is used, the flow is waintained constant by mnnunl ndjustnent of the
size of the orifice. The dried air passes through flowmeter D and is divided int
two streaiia; one goes through flowmeter E, vuporize; J and into the mixing chamber
M, while ihe other siféam goes directly to mixing chanber M,.which is pccked with
glass wool. The volume of air géing through the vaporizer ic determin;d by the
position of stopcock G. The compound to be velantilized is contained in vaporizer
J which conaists of a glass tube 7 ﬁm. in dicmeter and 40 mm. tell vith glass
side arna 2 mm. in digneter.

The concentration of the fluoro-organic compound in the air ie deternined by
(1) the rate of flow and voluae of air pussing‘ﬁhrqugh the voporizer J, (2).the
tenperatufg of the vaporizer, (3) the volunc of iiquid in the veporizer, and (4)

the volume of the mixture after dilution. The diluted mixture is divided into

t!& portions asg it issues from the nixing chamber. Most of the nixture is vqnted

at ﬁ, the resf going'through stopcock I into sérubber 0 und flowmeter F. The

scrubber is imersed in the cooling bath contcined in a two quart Dewar flask, P.
The type of scrubber uaed is very inmportant becnuse ench has its ovm char-

acteristics. A scrubber (Plate 1) obtained from the Chemicul Warfare Service,

Technicul Division, Edgewood Arsenal, was used for noat of these experinenta.
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In nost of the tests described in this report the rate of flow of air, as
~ shown by flowmeter D, was 10.0 liters per minute, and the gas was scrubbed at a
rare of 1.0 litor per minute. The other nine liters of gas wns vented at N,
Stopcock I 1is a three way stopcock to allow the gas to by-pass the scrubber
when desirable. The rate of flow of gus through the scrubber is measured by .
floymeter F.

Scrubbing Operation. The scrubbing operation is performed in the follow-
ing menner. Place the compound to be volatilized in wnporizer J and weigh.
Attach the vaporizer to the rest of the apparatus with rubber connections. The
connection at K must be glecss to glass .because the vapors pass through it. Close
stopcock H ond adjust stopcock I 8o the ges will by-pass the scrubber. Charge
the CWS scrubber with 40 wl. of l-hoxanol; iumerse in a bath at —4000.; then
attach it to the apparatus through comnection L. This connection mpst bo glass
to glass. Close the. stopcock at B ond open the stopcock to C. Pass the air into
A at o roatc in excess of ten liters per mim.xte, end adjust the vater level in
pressure releass C so that 10.0 liters of air per minute passes through flow-
meter D. Adjust the stopcock at N till a.flow of about one liter per minute
is registered by flowmeter F« Turn I 8o tho air will go through scrubber O
cnd noke final adjustaent at N till a flow of 1.0-liter per minute passes through
flovmeter F. Open ctopcock H and time (stopclock) the period that air goes throug
H.. Flowmeters D cnd F should be checked occasionally during-the period of scrub-
bing. Whon the scrubbing is completed, close stopcock Hy turn stopcock I so
.gas by-passes the .scrubber, and turn off the air.

Disconnect vaporizer J and weigh. The loss in weight of thec vaporizer di-

vidéd by the total volune (in liters) of nir used gives the concentration of & .

fluoro-orgonic conpound per liter. -
SECRET
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Disconnestthe scrubber at L and take it out of the cooling bath. Drain the
solution 'through the lower stopcock into a 100 ml. gr. j. round bottom flask.

. Wash down the center tube with 10 ml. of 1-hexanol and combine the two soluiions.
De sition of c G d®, (See Appendix for a list of the
reagents) Add 0.2 g. of sodium to the l-hexanol solution and attach a water -can-
denser. Reflux the mixture gently for ten minutes. After cooling for ahout"a
minute, extract the hot solution with two 10 ml. portions of water.. Analysée the
aqueous (lower) layer for inorgenic {luoride.

Titrotion of Inorganic Fluorjde’. Add an aliquot of the agueous selution
containing up to 100 pg. of fluoride to water in a §0 ml. Nessler tube (125 mm.
tall). Moke the solution acid to phenolphihalein with 3% perchloric acid and add
1 ml. of Solochrome Brilliant Blue indicator soluticn. Add 3% perchloric acid
carefully until the solution just turns red; then add 0.5 ml. of the chlorocacetic
acid buffer solution. Dilute the solution to 50 ml., To a siuilar Nessler tube
add water, 1 ml. of Solockrome Brilliant Blue indicator. solutionj dilute to 50 ml.
ond add ex_n,ct.lﬁ 0.10 ml, of thoriwm nitrate solution. Titrate the sample solution
with thorium nitrate solution until its-color matches that of tho blank. - Subtract
0.10 ml. from the volume of thorium nip;-qtq_ .s_-)'luticn usedj the result is converted
to pg. of fluoride ion by comparison with a.“pz.'cviously prepared calibration chart.

: Notes. 1.. The vaporizer is weighed with the rubber conhections the ends

of which cre étopperod with short pleces of glass rods. The vaporizer should be’

carefully wiped with a plecc of linen before each weighing.

2. A drop of glycerine put in rubber comnection L will keep it lubri-
cated for a long time.

3. The liquid in the flowmeters is waterj hence the gas passing into

the scrubber contuins a small amount of moisture. The latter condenses in the
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tpper part of the imner tibe of the scrubber. When this tube is washed down with
10 nl. of 1l-hexanol, the icc melts and goes into solution. This small amount of
water does not interfere when the solution is refluxed with sodium.

4. A temperature of —40°C. is obtained by sdding solid carbon dicxide
to chlorobenzene.

6, The reaction mixture must be cooled about a minute before it is

extracted with water in oxder to avoid a vigorous rea.ction...

6. Care must be exercised in acidifying the aqueous solution of sodium.
fluoride. Unless the correct amount of acid is ueéd, the indicator will not turn
purple vhen an excess of thorium nitrate colution 1; added. Should too much acid
be added, it should be neutralized with 5% sodium hydroxide before the buffor
solution 1_9 n.:ldgd. ) o

7. Perchloric acid 1s employed to nocutrzlize the aqueous solution of’

sodium fluoride because sodium perchlorate has lees effect-on the endpoint of the
~ titration than sodiun chloride, acetate, carhbonate, sulfate, or phoephate".

. 8. The titrction must be carried out in a Nessler tubej a low result
is ob.tnined when an Erlenneyer flask is used®.

DISCUSSION

-

. To ascortain thg, optimun conditions for detormining the concentration of
fluoro-prggnic.compopnds._ in ¢ir nine vericbles were studied:- (1) the solvent used
to scrub the fludro-organic cqmpot.md out of airj (2) the size of the samplo to ...
be analysed; (3) the completeness of the extraction of sodium fluoride from the
reaction nixture; (4) the time of refluxing necessery to ob't;z_zin quantitative de- .
composition of the sanplc; _(5) the dye used to indicato the endpoint of the thoriw
nitrate titration of fluoride; (6) tho concentration of the fluoro-organic compouus’
| SECRET |




(7) the temperature of the scrubber; (8) the volume of the scrubbing liquid, and
(9) the ratc of flow of the gos through the scrubber. The effoct of the first
five varianbles will bo discussed in this section and the lagt four in the section
on methyl fluoroacetate.

Solvent The success of the scrubbier depends upon the nature of the solvent
High boiling aliphatic dlcohnls wero tested as :sclvents because they would ulso
sorve ns the reflux medium for the decomposition of the fluoro-organic compound
by sodium. Both l-hexanol and l-octanol proved to be sultable as the scrubbing
solvent, but further experiments showed 1l- hexanol to be the better. l-Hexanol
cen be cooled without solidification to -4000., the temperature required for
satisfactory scrubbing of low concentrutions of the fluoro-organic compoundss
l-octanol freezes at -58'.506. After the decomposition mixture is cxtracted with
water, the l-hexanol may be recovered by distillation followed by fractionation.
' S8ize of Sample. The aliquot to be titrated with thorium nitrate solution
using Solochrome Brilliamt Blue indicator must contain between 1 pg. and 100 pg.
of fluoride ion. The endpoint in the titraticn is dependent to some extont on
the concentration of sodium perchlorate; hence a blank should be mode by refluxin-:
60 ml. of l-hexanol with 0.2 g. of sodium, extracting with water, and titrating -
the same size aliquot as used for the fluorine titration.

When the smiple to bs annlysed contains less thun 100 pg. of fluoride.ion,
the entire sample rmust be used for the thorium nitrate titration. Better rasults
were obtained in this case if.the proccdure was modified in the following manner:
Collect the sample by scrubbing; then reflux vith sedium acenrding to the stand-
ard procedure. Extract the reaction medium vith 10 ml. of water ond soparate the

aqueous (lower) layer. Add two drops of phenolphthalein to the.aqueous solution

and neMtralize with 60% perchloric acid. Extract the l-hexanol gsolution (upper

" "SECRET ' -




layer) with another 10 ml. of water, ond add tho aquoous (lower) layer to the’
neutralized ageuous solution. Noutralize the cumbined aguecus solution with 3%
perchloric acid and analyse for fluoride in the usunl way.

Extraction of Fluoride. Practically )1 the sodium fluoride is extracted
from the recction uixture by two 10 ml. extrauctions with water. A third extract-
ion ylelds less than 0.5% additioncl fluoride ion. . )

Reflux Time. Ten minutes of reflux with 0.2 g. of sodium in l-hexannol has
been shown to be sufficient decompose completely mothyl fluorcacetate, di-iso-
propylfluorophosphate, and 2-flucroethonol®.

Indicator. The aquecus solution of sodiun fluoride may be titrated with
thoriun nitrc.c, using sodium aslizarin sﬁlfonate a: indicator®. This 1qdicator
ﬁill not detect less than 10 pg. of fluorids ion, but Solochrome Brilliaqp Blue

will detect. 1 pge of [luoridej henc¢e the latter was used for most of. the thorium
nitrate titrations,

RESULTS

- Analysis of Methyl Fluoroacetate in Air. The recovhfy:of low concentratione
of methyl fluoroacetate from air.was found to depend on four factors: (1) the
concentration of methyl fluoroacetate; (2) the tempervture of the bath in which
the ‘scrubber was imnersed; (23) the volume of l-hexanol used in the scrubber; and
'(4)'the'rateibf flow of the gas through the scrubber. About 96% of the meﬁhyl
‘fluoroacetate.in air containing from 0,01 ng. to 8 mg. per liter is recove;ed if
the gas is passed at o rate of 1.0 liter per minute into 40 ml. of l-hexano}-%n
a'CS scrubber ‘cooled in cn ice bath at -40°Q.

1. The effect of temperature ond concentration. . Satisfactory recovery

was obtained at 20°C. and 0°C. when the concentration was above 0.07 mg. per liter,
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but o temperature of -40°C. is necessary to get 90% recovery when the concentra-
tion drops to 0.0l mg. per liter. The data in Table 1 were obtoined using a rate
of flow of one liter per ninute znd 40 nl. of l-hexzcnol.

Tuble 1. Effect of Teuperature on the Anclysis of Kixtures of Hethyl
Fluorcacetate ond .Air.

Conc. Volume . © - Mg, Fluorine Recovery, %
Conp. analysed TFound Calc.(a) Averagze
Mg./1. liters

Bath Temperature: 20°C.

5.64 6.77 83
2.59 g.18 81
1.47 1.64 90
1.35 1.58 85

U‘KC'IEJ'IU'I

0.352 0.415 85
0,530 0.595 89
0.287 0.317 o1

0.0736 0.106 74
0.0370 0.05875 65
0.0551 0.0554 63
0.0351 0.0534 66

0
0
0
0
10.0
10,0
10.0
0
0
0
0

DA N
OO?O o

Bath Teawercture: 0°C.

R.15 1.86 115
1.72 1.70 101
1.65 l.64 ~ 100

0.247 0.276 90
0.297 0.332 90
0.207 0.217 95
0.225 0.280 80
0.574 0.400 o4
0.404 0.470 86
0.379 0.415 o1
0.42¢ 0,147 95
0.345 0.397 86
0.852 0.592 89

0.245 0.269 85
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Conc.
Conmp.
lig./1

C.0l6
0.011
0.221
C.013
0.015

3410
&.56
4.6

0.576
0.311
0.207

ar--
erral

0.0270

0.0106
0.0120

Ke

2

Table 1 (Cont.

Voluuc
cnalysed
liters

10.0
10.0
11.0
10.0 -
20.0

16.0
10.0
1C.0
17.0

20.0
20.0
20,0

Mg. Flucrine

Found

0.0167
0.0125
0.0286
0.3182
0.041C

Temperature:

3.53
.80

250

0.617
0.5652
0.561

rr
".t o

J.0878
w070
0.0320

The eflect of voluue of l-hexunol.

Crlc.(z)

GU,0517
c.o”18
0.G4lo
G.0258
C.0524

-40°cC,
%.46

::l- bl

3eetl

ay
108

U.7T45 62
0.C14 86
.68 95

.
Uethd

C.1006 b3
C.0415 80
oG 7 8e
ST C2

vl iLiaoron

Ly 4

ks ¢ <))

Aver

©9 102

€7 83

Recovery, /4

o4Te

8" I

+ .

)
¢

volume of liquid in the scrublber incrcascs thic
When the volue of l-hexnnol was incrensed Lron ¥
creased from 825 to 93% with the scrubver u«t U C.

wnd o rat

iiter per minute. (Sec Table 2.)
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Table & (Cont.)
Conc. Flow Mg. Fluorine  Recovery, %
Conp. rate Found Cele.(u,b) Avernge
tg./1. 1./nin. '

Bath Temperature: 20°C.
0.3 1.0 See Tuble 1
0.438 2.0 0.999 1.73
0.490 2.0 1.175 1.92
0.348 2.0 0.825 1.38
0.906 1.59

(a) Based on assny of 96,5 methyl fluoroacetote.
(b) Ten liters of gas snulysed.

Mnalysis of Di-isopropylfluoropnosphete in Air. The percerntage recovery

veries with the concentration when cir containing low concentrations of di-iso-
propyifluorophospnate is passed at o role of one liter per ninute through o CWS
serubber containing 40 mi. of l-heranol anl cooled in a bath at zbout -40°C.

KHecoverics were o8 follows: 725 at & concentration of 0.02 - .04 ny. per liter,

84,) 1l 0.07 - 0.15 mg. per liter, and 68% at 1 -2 ug. per liter. The precision

is good for concentrations up to V.15 mg. per liter, bul incousistent results
were obtuined in the renge 1 - 2 mg. per liter. With two scrubbers ‘in serics, con
sisteut recovery of 90% of the di-isopropylfluorophospiate is ‘obtained =t = co
centretion.of 1 to 2 ug. per liter. However, two scrubvers in corius

spprecichly incrense the recovery wher. the gas concentrat!

per liter. Thesc dave are swiarized in Table 4.
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Table 4. clysis of Lisrtures of Di--isopropyiflucrophosphnte znd Aie.
Conc. Volune lig. Fluorire Recovery, 7

Coap. aaalysed  Found Calc. hvereze
Mg./1. liters

1.60 10.C =01
1.52 10.0 0.90
1.35 10.0 1.96
1.48 10.0 1.28
1.90 13.0 1.52

o il 2.C 1.05

1.5% iC.0 L.56(a) L
0.0726(L))

l.68 10.0 1.22(2)
0.125())

1.76 10.0 1.288(a))
0.549(L))

fe ]
W en O3

)
09~

C.l4l 10.0 U115 0.14E
0.3.:0 10.0 0,111 0,134
C.lOJ 15.0 0.1%0 G.182
0.087 15.C .kl - C.124
C.0E%8 «5.C . U.160 G. LM77
J-OI 15.G ¢.068% G.18

0.G28: 25,0 01048 0.0752
. G260 B0 e 0.0721
Ullo5es £6.0  C.UE0U L.CE3S
C.02 B v 0.5480 s 0618
C. 0260 25.0  "'0.0427 Y. 0663
0.2264 5.0 0.0418 b.u628
0.C256 25.0  0.0636  ,, C.088b | 3

SRVELLY 2.0 C.0e 00846 7E LT t

[y

002(b < L
0.0516 30.0 7 0.1ls(e )} " 0.160 ¢ 75(5)} us
0eU0%(%)

0.0457 20.0(c) 0.1;12 ;}; ju.lso 74’ g 5

(2) Two scrublers used in reries. “his vniue wns obtained
in tae rirst scrubber.

() Two scrubbers used in series. This value wos ohtuined
in the scecond sciubler.

(c) Rate of flow was 1.55 liters per ninute.

SECRET




13

~

fna2lysis of 2-F1uoroe£h&nol in Air. When nixtures containing between 0.2
and 5 az. of 2-fluoroethanovl per liter of air are pnssed into a CWS scrubber con-
aining 40 pl. of l-hexanol and cooled in o bhath at about —4000., & recovery oi
approxiuately €0 is obtained. Under the saue conditions a recovery of only 50%
is obtained when the concentration is U.01 to 0.03 ng. per liter of air. HWhen
l-hexanol recovered from previous sralyses vy distillation and fractionation
DePe, 156.7 - 157.7°C., was used to scrub gas contnining 0.0l to 0.03 ng. of
2-fluoroethcnol per liter, o recovery of about 757 was obtzined. Two scrubbers
in serics, using fructionated 1l-hexcnol did not improve the recovery in this con-
centraticn rangej; in no case Jdid the secoud cerubber pick up any fluovro-organic
coupound. These data are sunuarized in Talle 5.
Table 5. Aunclysis of Mixtures of 2-Fluoroethanol. and Ar.
Conc. Volwue Mz. Fluorine Recovery, %
Conp. analysed  Found Czlec.(n) Averuge
Mg./1. litors
1-Hexrnol (practical grade)
1.86 2.22
.04 B5.52

1.94 2.06
2.38 2.70

-0.508 G.bl6
0.855 C.850
0.648 0.671

'0.681, - G.70C

. 6627 . 0.837

CoO0ow onan
- L]
O0O0OC O0OO0OO0O

ol ol
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Table 5 (Ccn .).

. Cone., Volune .. Mg. Eluorine Recovary, 7
CoLp. anzlysed - Found w Calev(a)s Average
Mg./1. llters | P TR
0.0225 90 0 0.0696 C.11e o9
0.0109 22,0 - 0.,03512 . 0.0634 49
0.0155 20.0 0.0456 0.0819 56
0.015C 20.0. 0.0410 0.0793 51
0.0124 21.0 0.0536 G.0687 = 49
0.0140 . 20.0 0.0515 0.0740 43
0.0115 20,0 - 0.0275 0.0617 45
0.0130 23,0 0,0456 0.0792 58
0.0155 20.0 0.0352 0.0820 43
0.0318 1.0 0.,0303 0.0765 40 " 1
0.0155 20.0 0.0361 0 0820 44 49‘f”4

Recovered l-hexanol (fractlonated)

0.0150 20.G 0.0604 0.0794 76

€. 0160 20.0 0.0688 0,016 81

0.0120 20.0 0.0439 " 0.0635 69

0.0130 20.0 0.0500 0.0687 73

0.0150 20.0 0.0612 0.0794 77

0.0168 2,0 .0,0667. C.0978 68 74 % ¢
0.0180 30.0 0.119(c) 0.143 ° 83

0.0162 z2.0 0.0803(c) 0.157 68

0.0317 %0.0

0.199(c) 250 80 76 L7

wmEs Ve mm R W W BN me e me T e 0o ha eal e ew e e am e, on

(a) Based on cssay of 897 #-Lluoroethanols

() Rate of flow was 1. 0% liters per minute.
(c) Two scrubbers used in geries. This value.
was obtained in +the first scrubber.

SUMIJARY

A method has been described for the determination.of fluorine in low con-

centrations of three fluoro-organic compounds in air.: It is kased on (1) scrub-

}...l

bing the fluo;osgrganic coupound out of air with l-hexanol; (2)ldecomnosing the
sample by refluxinq the solution with sodium; (3) extraction of the sodium fluor-
ide with wauer, and (4) titration of.the aqueaus layer with thorlun nltrate
solution, using Solochrone Brilliant Blue B 28 1n~1cutoL. The 1esulte nay be

-

sunnarized ns follows: About QOW cf the iethyl fluoroncetate is recovered when °
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the concentrdtion is vetween 0,0l,ﬁg. and‘ 8:ng. per-]iter of air. About 90% of ; j
the 2-fluoroethancl 1s recovered when Lhe concen ratlon is O 2 -3 mg. per liter, i ;
but only 75% in the range of 0 01 to 0. 05 ‘mg. per lltnr. Tha recovery of 41—130- . ;
| propylf;uorophosohate 1s 75% at o concentrat;on of O 02 - 0 04 mg. per llter ; 'é
% 847% at 0,07 - 0.15 ng. per llter, end 68 at 3 -2 mg. per llter. The use of two ] %
i\ scrubbers in series yields 90 recovery at a concentrntion of i #oEZ mg. of di- |
} isopropylfluorophosphaée per liter. :
An apparatus for nrepurlng n1x£ures of fluoro—ornanlc compounds‘and air of
accurately known concentrqtlon is dn3011b(u. . ‘ ‘ %
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APPENDIX

Reagents. 1. Thorium Hitrate Solution. Dissolve 0.69 g., of @horium nitrgte
Th(N03)4;4ﬁ20 (reagent grade),iﬁAwatér and diluﬁé to cne litéi. The solution is
approximately 0.005 N. | |

2. Solochrome Brilliapt.ﬁlué B3 Iﬁdicnﬁor Soiuticn. Diqsalve .02 g.
of Solochrgme Brilliﬁnt Blue BS in 100 ml. of woter. Solochrweme Brilliont Blue
obtained fromid;fferent sources may very scme in its indieator cctionj henco
stoandardization and snalyses must be arde it hhe sane lot of indicztor unless
the different lots have been checked as tu identity.

3. OChloroacetic Acid Buffer 3-luticn. Dissolve 22.7 g. of cﬁloro-
acetic acid and 4.8 7. of sodiuwm hydroxide in vatur ond dilute to cne litew,

.4, l-Hexancl. FBastuan (practicml grade), bep., LS55 — 258°C.

5. Perchloric Acid, 604. Dilute 86 nl. of Y07 perchloric ncid (reagent
grade) to 100 ml. wvith wator.

6. Perchloric Acid, %7. Dilute 5 ml. of 60/ perchloric acid to 100 nl.
with water.

7. Sodiun hydroxide, $4. Dissolve 3.0 g. of sodiun hydroxide (reegent
grade) in 97 nl. of water.

8. Sodium. Cut soéium {veagent grad:) into small pieces weighing
7.2 £ 0,02 g. ond store under korosene.

~———
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